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2 . 2 . 2  thrust is supp lied to the CF—5D aircraft b y two axial flow , turbo let
eng ine s equipped with afterburners. Each engine Is provided with an inlet
duct and a louvered auxiliary air inlet engine door on each side of the fuse—
lage .

2 . 2 . 1  in the TMS flight t r ials , CF—5 0 serial number 116801 , was used in
the clean plus wingtip tank configuration. The test pilot used tine
forward cockpit. A data recorder , TMS cenmputer and a pinotopanel were
installed in the rear cockpit. Tine ejection seat and c o n t r o l  colwnn wer e
removed fronmi the aft (n)ckpl t .  The at  r c raf  t plus recorder and VMS , less
p i l o t  and I nie l weIghed  9730 lbs .  Tine a i r c r a f t , as above , p l u s  f u e l  and
; n i r ( n r e ’W w e i g hed 14345 lbs .  F igu re  6 Is a photograp h of the  test aircraft,.
Tin e ‘I’MS computer and data recorder installations are shown In Figure 7.

C 2.3 Thrust Measuring System Components

2.3.1 Thrust Computer System

2.3.1.1 The thrus t computing system , shown in Fig ure 7 , consists of a
5pecial purpose digital computer , three pres sure transducers and two
indicators. Additional inputs are required from the Central Air Data
Computer (CADC). The Comflev gross thrust calculation method is described
in Appendix 1 . The reference gross thrust calculation method is explained
in A p p e n d i x  I I .  The thrus t indicator displays engine gross thrust in
pounds and the ratio , expr essed as a per cen t , of the ac tual engine gross
thrust to the engine installed nominal value , military power , gross thrust
for the prevailing fli ght conditions . Three pressure transducers are used
to sense tailpipe pressures and prov ide data for the computer. Eng ine pressure
probes mire mounted at engine stations 5,6 and 7 as depicted in Figure 8.
The computer solves thrus t equations and outputs electronic data which
dr ives  the  indica t o r s .

2.3.2 Transducers 
C

2.3.2.1 Three engine pressure transducers are required in  order  to sense
to ta l  and s t a t i c  pressures wichin the  afterburner section of the eng ine .
Two differential t ransducers were used to measure pressure differences
between the total pressure at station 5 and the static pressurn- m i t  s t a t io n  6,
A P , and between the static pressures at station En and 7,LP 5. At-n absolute
pressure transducer was used to measure the static pressure at untation 7,
1’ . The t r a n s d u c e r s  were i n s t a l l e d  in tine air-r a ft rem nr cockpit where
t~~~y would be exposed to a relatively moderate environment.

2.3.2.2 Variable reluctance transducers were provided for the flight
tri ;nls by S.E. Laboratories , Ltd. , Fei tham , UK. Static calibrations
indi c ;n t cd that the transducers were very accurate and stable. Calibration
d in t - n mire presented in Vo l ume Ill and serial numbers are listed in App endix XI.
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2 .3 . 2 . 3  Three types  of Conrac Corporation , Duarte , California , Model 47 15H C

r m i n s d u c er s  were obtained and tested in t h e  s t a t i c  t h r u s t  s tand  t r i a l s .
T hey  were removed f rom the TMS prior to  the flight trials. Calibration data
are presented In Vo l ume III and serial numbers in A ppendix XI.

. I .  Spec i i  I I’ m n r p n m s e  Computer

2 . - I. I Il n i’ e o n m n ; i u t L . -  r to r ti ne TMP I n-i ci spec lal purpose , 2 I — h i t  h a r d w a r e
I I - - n i  I m u g  p n  tnt i n n - i n  I i  i i i -  wli l e l i  wa n-i dc- s I g a d  ari d b u i l t  b y CnmI ) -v e s p e c i a l ly
I i r  p u ì n -  I~i~ . I i -  s n n l n p i l t i - r  e n i n c t m i j n i - i  cnn - m a  l og  n i u l  t it lexer t n  — a - i c - c t  in
t i n  Y l i  t i n e  n m e v u - I n  i n p u t  m i a m i  I -g s i gm a  Is and t i n  r o u te  t h u - s e  t i -  cnn a n a l o g  to
d i g i t  - i l  co n v e r ter  ( A / i ) ) . An A/D converter is used to t r m n n n - , f o r m  analog
s ig n a l s  to t i n e i r  equ iva l en t digital r e p r e s e n t a t i o n  f o r  t i -ne c e n t r a l
p r o c e s s o r .  li n e central processor performs arith metic operations as
required in so l vi n g  equa t ions  fo r  gross and percen t r e f e ren c e  t h r u s t s .
Prnn mnn -ssor outputs m ire digital signals wh i ch  d r ive  t ine  in d i c a tor s . A f i n n s
d L i g r a m  of t i n e  m r  i t l i n m I t -t i c  u n i t s  is slncnwn in F i g u r e  9

2 .3 . 4  T h r u s t  I n d i c a t o r

2 . 3 . 4 . 1 A two—inch diameter indicator is used to display gross and percen t
reference thrust mis c l i-p ictod in F i g u r e  8. TIne digital gross thrust
disp lmn\ - e ntain s -i bla ir- -- to binary coded decima l (BCD) encoder which
tnt c-rtaces ti -ne ~:n - pn nt to a set of digital drums . l -ou r  digits are used
b u t  the na its digit is a fixed zero. Percent reference thrust is a pointer
display which is driv en by a stepper motor. A sh aft encod i ng system is
used t o  c o n t ro l  the n-ro t o r op er a t i o n .  Tine TMS computer was used to drive
t r n  indi- -ator- - - , one i n  t h e  forward  cock p i t  and one in ti -n e pho topane l .

2.3.5 \n d j fi e d CADC

2.3.5.1 Tine ~ I’ —5 D aircraft is e q u i p p e d  with a central air data computer
(\DC) win icln a r - v ~ -1c- s J -i t ~- n to an AVU— 9/.\ airspeed and Mach n u m b e r  i n d i c a t o r
and r ut - n  A A U — l ~~/4\ uiti nn i c ter. Ambient air probes  mi re installed on the
a i r - r i f t  m d  t i n e  CADC senses probe p r e s - iu r e s  and c on v e r t s  them i n t o
e l ec t  n e a l  -ci cr -n - mis for tine indicators. The CADC c o r r e c t s  the sensed datmmn 

—

-r position errors and , therefore , the CADC output 1 m  tm-n m n r e  h i g h ly  ideal
u s i n p u t  o t i r e  ‘P~i c o mp u t e r .  A standard CADC was modified by Airesemnrch

M c n n u f m n c t n n r i n g  L -ri p m n v  - Terrace , Cal  i f o r n i a ,  in order  to ar -w i d e  o u t p u t
lines I or the I P ~~~as I a l l ows  :

(a) >l mn nn h number output is a voltage linearly proportional to
Ma c - h  n u m b e r  between the range 0.17M to l.7M.

( h ) St a t i c p r essu r e , P 50, is a v o l t a g e  11 n e a r l y  p r ( ’ C p ) r t i o n m n l t in
m e n - b l e n t  s t m n t Ic p r e s s u r e .
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(c) I’emperat n irn-- , “TO’ is a vo l t age  l i n e a r l y proporti onal to t h e
square  root n - f  the i n d i c a t e l  t o t a l ,  ambien t  t e m p e r a t u r e  ~~ -

2 .3 . 5 . 2  M o d i f i c a t i o n s  were designed such that demodification was easy and
norma l CAI) C operation was possible.

2 . 1.6 I en n p e r a  t in  re I’ r ohe  rind P r e—Amp I i f i c r

j .  r • I A n n n b  j e nt  ci I r t o t c u  I t em p e r a t u r e  da t a  were r equ i r ed  by the  r e f e r e n c e
t i n  u - r i  e q u a t i o n .  A d at a  source  was not r e a d i l y  av m _ i i l a b  Ic in the  s t a n d a r d
Cl- — SI) CADC . T h e r e f o r e , cn Ros emou rn t t empera tu re  probe  was i n s t a l l e d  on t ine
p o r t  s i d e  of t ine a i r c r a f t  nose section . Airesearch modified the flig int
t n - - s t  CADC to accep t  t e m p e r a t u r e  probe s igna l s  and o u t p u t  a vo l t age

r o e - ar t  lona l to [~~~~T . Since the CADC output voltage range varied by
on ly  0.1 vol t  f o r  a temperature range from 3600 to 740° R , a p r e — m n m p l i f i e r
wa s  r e qu i r e d  to increase th is  vo l t age  p r i o r  to i ts  use in t h e  TMS
n e n i m p u t & -  r

2 . 4  DAT,\ ACQUISITION SYSTEM

2 . 4 .1 Four distinct data acquisiton systems were employed in monitoring
the thrust measuring system and aircraft variants. Two systems depended
upon observations made by the qualified test pilot (QTP), namely p ilot
observations and taped voice recordings. Two other systems operated
independently from each othe r and except for on—off actuation , were
independent of the p ilot. These were a multiple input digital tape
recording system , shown in Figure 7, and a pho topanel .  shown in F i g u n r n -  10.
The t n - - st  pilot could command the operation of a cinecamera and obtain a
p h o t o g r at T h i c  record of  t he  photopanel .  A detailed d e s c r i p ti o n  of the
d at m m acquisition systems may be found in Appendix III of this Volume .

2.4.2 I)l d it m n i Recorder. An In c r e — d a t a  C o r p o r a t i o n  Mark h A , 7 — t r a c k
digital , m agnetic t cnpe  d a t a  r e c o r d e r  was i n s t a l l e d  in the rear cock pit of

t b -  t n - - s t  -nircra it as shown in F i g u r e li  and used to record  TMS , eng ine
m o d  flight d - nta . Recordings were made at one—half second intervals
t h r o u g h o u t  e v e r y  f l i g h t  and most  of the  i n s t a l l e d  s t a t i c  t h r n i c  t t r i a l s .
A 1st  ~n f  rn - o  en d e d  v a r i a n t s  is p r e s e n t e d  in Ap p e n d i x  I I I  . Tapes p r o d u c e d
by t h i n - -  rs -ci rdt- r were compatible with data processing computers at ComDev
ann-I with IBM crn1riprcte r~n in  E d m o n t o n  and  ~I t t a W a  . An ci  c-ct  r o n i c  i n t e r fa c e
\ s - i S  designed and built by ComDev in order to coup le the various T’~S d a t a
sources ti tine dig ital n - c o r d e r . A second i n t e r f a c e  be tween  t ine  mu i r c  r a f t
s i  gnats and tine r - c o r d n -r  was b u i l t  by A 1- TE . I npu t  to the rn-c -er d n -- r was in
t o -  ar m of m.n v o l t a g e  i n  t ic - -  range 0 to +5 vo l t s .  ‘rime n . - c n r d u - r  Ci f l V u i t c n - l
v o l ta g e s  to 1 2 — h i t  b i n a r y  d m n t m n  in t ine  r m nnge  0 to 4093. Ren c h n  t u -S~ c c i i i —
b r a t  i n n s  v - r n -  m a c i c  i n  or d e r  to  p r o v i d e  t h e  da t a  t- n d n n - t ion  c om p u t e r  proc r i
w i t h  an cnn tin n nn- t ic “ s - I n s  of c o n v e r t i n g  b i n a r y  da ta  to eng j f l m ~~~r i n~ s v 5 t n ’ n
n - I n n  i~ - n 1 e t n t  d m n t a .
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2.4.3 Photopanel. A special AETE b u i l t  panel of instruments , as shown in
Figure 10, was mounted in the test aircraft rear cock pit. The panel

• co n t a i n e d  a t h r u s t  i nd ica to r  as w e l l  as a s t andard  set of CF—SD engine
i n st r u m e n t s , an a l t ime te r , and an airspeed and Math number indicator.
A binary coded clock on the panel was synchronized with the di g ital tape
r i -co r d e r  such t h a t  p h o t o p a n el  and ncar i r Ied da ta  c o u l d  he i - i n r r - l a t e d . A
I 6mm came r n ‘a s  set t i n  p ho tog r ap h t in e  pane l  (in p i l o t  -omnna n id .

• _ t~•4  i i  1 0  ‘a V n j m i -  h n - i i n n c l h n e - .  t h u  p i l o t  n n ,, nn I n n i m u  m u d  r a d i i ,  n n n n n i t a c t  w it in
- n y  i n  - I i i  ci ~- n n n u u n n n l  a t - n t  l o i n .  P 1  m i t  L L a m I n S ; I I I S S l C ) f l S  d e s n n r l b i n n g  mis  a c t i ons
- n u d  - - - - I e i r t e d  I i n n ;  l~ run nic - ni t ni-cid I ngs were n - c o r d e d  a t  th in - -  g round  stn n  r i  on f o r

nu~; i—f I I g l u t  anal ys is pnnr p :;n-n.s

2.4.5 Pilot Observations . Flight missions were pre—arranged and recorded
on the QTP ’s knee pad. In— flight notes were also made on the pad report
form. Pilot comments were recorded at debriefings following each flight.

2.4.6 Aircraft Variants. A number of variants pertaining to the operation
of the aircraft were recorded by the dig ital tape recorder. These data
were used in analysing engine performance and flight conditions which
could he correlated to the performance of the TMS . A brief description
of thesn-- variables follows . An interface wac, designed and built by AETE
to a l low digital data recording of these- v a r i a n t s .

2.4.6.1 Fuel Flow. Special. fuel flow turbines and transnnitt,-rs ,
(Fi - - n-:h oro t ype  3/4—8 1T 1C1 fo r  t ine  a f t e r b u r n e r  and type  3/4 — 8 1T 3A 1 i.n the

* m a i n  fuel line) were installed in the test aircraft. The turbines were
calibrated using Calibrating Fluid MIL—C—7024B Typi- II. Turbine
data output is a f’:equency which was ca l i b ra t ed  to pounds per hour . Freq-
uency data were converted to voltage data by the interface.

2.4.6.2 TT~ P~ 
Eng ine total temperature at Station 5 (exhaust gas tempn--r—

rntur e ) was obtained from the harness , TT5H , circuit in the aircraft engine .

2.4.6.3 Psej . Ejector static pressure data were obtained by installing
four static pressure ports in the ejector wall. The ports were spaced
mnh out t h e  circumference of the ejector and approximately nu t the minimum

- 
diameter o the ejector. The four ports were connected in ~a-nies by nn
sing le pipe to a pressure transducer. - The transducer output na s
connected to the recorder Interface .

2 . 4.6.4 Ri’F 2ingine percent RPM was obtained from the engine tachometer
output as the period of an e l ec t r i ca l  f r equency .  An e l e c t r o n i c  i n t e r —
face  was built to convert tachametc-r output to a 0 to S volt input for
t i n e  r e c o r d e r .

1-1036/ 119/ FR/ I
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— 2 . 4 . 6 . 5 in d i c a t e d  Airspeed . I)ynamlc amid static pressure data were

,1h t -uine d fronn , tine a i r c r a f t  p i t o t  ~~t a t i c  sys tem.  A pressure  t r a n n s d u c e r  was
115ed to provide airspeed data to tine recorder. An ml irspeed Indicator on
t i n e  photopane 1 was coupled to the pitot system.

o .4j1 .6 Altitude. Pressure altitude data were obtained similarly to the
indicated m ui r spn - -u- d data . The altimeter system was calibrated from sea
In-vet to 40,000 feet for data acquisition purposes.

) 5  RAPI- ~ F-N C INI- . TI-~SF  CELL

,. I B a r e  n - n n g f n i t -  t m - s t  s were  p n - - r f o r r n ; n m d  i t  t h e  E n g i n e  Labora to ry  of the NRC .
A . ?N5— (;AN—I5 m - n n g in e , serial number 8611 was installed in t ine  No.  5 Ground
Le v i-I y t n t  Ic I n - s t  Fm-Il .

2.3.2 An engine t i - st  stand was designed by Orenda Ltd. and fabricated by

— 
Fo;~i i)e~- . Tine engine and test s tand were bolted to a test bed win ich in turn
was inn i n g from flexible pivots which permit the mlight unrestricted movement
necess;nrv in’ an -nt jvatn- the load cells. Two load cells , known as a Hagen
pne ne - n;m t i c balance load cell and an Emer’-” load cell , were used . Load cell
d~n t m m m  were  disp i — m v e d  in the operator ’s control  room . Tine engine t es t  stand
is shown in F i g u r e  12.

2 .5 .3 Thi- engine je- operated from an adjacent , isolated , cont ro l  room w i t h
a s m I t i - t y  w i n d o w  wh ich  allows the operator  to view the engine. Standard engine
ir-i n-itrun-nentation and engine control systems are located in this room . Special

• t I , rus t i n c e a s u r i n g  ins t rument  d isplays  were also located in the o p e r a t i o n  room .

2 . 5 . 4 A t e m p o r - m r v  photopcnnel was located in the control  room and used a 16mm
- - m n n e r m i  tc ’ ria -ord the opera t ion  of the thrust indicator and other engine

r a t r u m e n t s .  A s t i l l  inann era was available to p h o t og r a p h  ti-ne manometer bank .

2. 5.5 A fibreg lass belimouth inl t duct of approximatel~’ elliptic contour 
—

w m - ns  installed on the engine . A heavy mesh screen was installed upstream of
t l i m  i n l e t  be l l m nou th  f o r  s a f e t y  reasons .

2 . (n STATIC A I R CRAFT THRUS T STAND
4

2.6.1 The static thrust stand at the National Aeronautical Establishment of
NRF is a T— sh enped p l a t f o r m  upon which the aircraft is secured as shown in
!- igt nre 13. The aircraft r n n - i s e  gear is free to move in tine fore and aft direct ion
h u t  i -  c lamped to p r - - v t - n t  v e r t i c a l  motion. The aircraft main gear are
constrained by the thrust stand platform such that the foreward thrust vector
mmmv be m.- mn sin re d. This platform is suspended on strap flexures which allow mc
thrust t ransfer to two load sensing hydraulic cells . Output from the cells
mi ne voltages which register on a remote electrical indicator. Tine indicator
m ay  be se1~a. ted to disp lay tine output of ei ther  cell or t i -n e e l e c t r i c a l
summation of both cells.

110 3 6 / 1 1 9/ F R / I
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2 . 6 . 2  C o n t i n u o u s  data acquisition was ;nnncn ompl i sh e d  b y i n t e r t  cue  i ng t h e
1u )mm (I cell s ten t h in - -  Enc re—data  r i-cord er  mis  sinown In Figure 14. Iwo
transducers were used to sense hy dr au lic pressure on t i m e t h r u s t  s t a n d  load

• n -i is and an amplifier outputs a 0 to 5 vol t  s igna l  fo r  t i n e  da ta  tape
recorder. A filter was installed in the electrical circui t to  t h e  recorder

- .  
in order to reduce noise on this c i r c u i t .  Transducer  s e r i a l  numbers  :nre

- list e d in Appendix XI.
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SECTION I I I

TEST PROCEDURE

1. 1 ITARl-~ ENCINE TESTS

3 . 1 . 1 Ih e  t h r u s t  mem -u s u r i n g  system was i n s t a l l e d  on eng ine  s e r i a l  No.  8611
at the  NR C Number S Test C e l l .  CF— SI) a i r c r a h t  type  m ea t s h ie l d s  and

• insulating blankets were install ed to simulate the aircraft therma l
environmen t around the turbine diffuser casing and the upstream part of the
a f t e r b u r ne r  ca s ing . V i b r a t i o n  m o n i t o r i ng  m I n - - vj c e s  were  i n s t a l l e d  a t  the

- 
- e n g i n e  h e a r in g  loca t i o n s .  P ressure  pr ob n - s  mmcl p l u m b i n g  to  the transducers

n-u im n n n mia t e d lit- test a i r c r a f t  i n s t al  l a t i o n .  Conn pe - n sa t lng  volunnes were  added

H 
Ni tCo  p r e - s s u r m -  l i n e s  to  ach i e v e  des i red sys t em t r ans i en t  characteristics .

1 . 1 . 2  An lu - n i - r e — d a t a  n n m a g n e t i c  t a p e  r e c o r d e r  wa s l o c a t e d  in  t ine  o p e r a t i o n
roonn and used t o  record da ta  aL o n e — h a l l  second i n t e r v a l s .  l i n e  f o l l o w i n g
variables were recorded .

(a) Analog output from eng ine pressure t r ansducers .

(b) Dig i t ~u 1 o u t p u t  from A/i ) converter in the TMS computer.

(c) Di g ital o u t p u t  from time TI-I S computer f o r  g ross  and p e r c e n t a g e  of
ri-ference tinrust.

(d) Sim u lated CADC data.

(e) T h r u s t  hi d I e m i t  or f n - e - d b a c k  -

( I  ) Test stand m e m — - inred t h r u s t  lu -n d n - e l i  o u t p u t  n - ui g nm n l -

• 3. 1 - 3 A t em p o r m rv t im topnn e I was I C C - a  t c-d  i F - n  t ine i -~’nt  ro 1 room and used a
lômnnm cannera tin r m - C o r n - I  t i -  - op e r a  r i on  ~~f t i n -- thrust i - nd i n m i  N n r  and  o t h e r  e ng i n e
i n s t r u m e n t s .  A s t i l l  - m r - u - e m  wmns m -m v c n i i n b i n - - to m n i n o t  m - g r m n n n i n  t i n e  manometer bank.

3 .1.4 Prior to a s e r ie s  of - - n y ~~nm- runs , th- - ~~ en g i n n ~- t e s t  e n - i I s  n~e- re
I i  b r a t  ed ~u ga trust in sm - c on dm n uv ~ m~~Cv l ag  r i ng .  -\ h v c l r m m m n  l i e  j n n k  was used to

app l y  ~n m me clnanL - n I lu c i d t h r m n u g in a c m n l i b r i t t -c p r o v i n g  r i n g  tin tin e t n- st stand
1 n m a n l  - e l i  . R I  i n n -, re-ad tugs we- rn - t m - n n p e r a t u  n o  n i - r n -c t i - m t  m i n d  u semi  to ca I i bratn-
t l c n  I n d i m m t e d  I m n a d  m m ~i I  mm - a din gn - . A 1 - i p r n - i-- .i n inte - iy 15 n i p p l i - d  b id s  wm - re  used
to p rov ini n - a sat isI;-n m -t ry i-ange 01 li t - n.

3. 1.5 l i n t -  n i m i n t  was t r i m m e d  h —  a d j u s t  nig t h e  fu e l .  f low rm n t m  to mm p re scribed
v-il un- f ir g I vu -n  e c- np rn -n - c n-a -r i n i— - n un d  i t  inns  a t  1 00% e-ng true iPN m is detailed
i n  I-Id l O B — l w - — ? , I m r t h , ~e - rv ici nm and N ; i n t e - n a n c e .

3. 1.6 Ambient static pressure  daln mc were obtained by means of a barometer
ion ’ c i t n - n - i  within t h e build lug but outside of time t-ngi ne t e s t  c e ll .  ‘ i t -~~t c e l l
pressure n-k-pre ss i (-in na-n s n h ta i ned Ire-zn -n n I  i f  I ere n  tm i~u i  p rm --ms nnr m- g m i i e e  wi-m i  ch
i n J f C : m m t e ’ i  ‘ I -  pr - n - s u r o  d rop  hi -tw een t I n e  engine c c - I l  and t h i n  i - n - i m n t ro J  ronn nnn

w h i m wa s  a -n oted to L I m o  ; n t i n n -n s n m m e r u . ( 5 - m - r n - n - s o r  i n l e t  t n - ”  n m - r m m t  u n -s wi - r e
rt ud from inn inst rnn rm-m t in  the cent  r n - i I r - , n v C  -
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1.1.7 Engine runs -ncluded steady state power settings in both aftcrburning
and non—after burn ini ;  modes . Barometric pressure was recorded before and
mu fter each run and the following were recorded during steady state operations :
time , test cell pressure depr ession , compressor inlet air temperature ,RP?1,

• 1’s6~ ~S7~ P-cs, throttle position , nozzle posItion , engine oil pressure ,

-: e-ng i ne nnount vibration amplitude , fuel supp ly temperature , compressor
d i scinarge pressure , turbine outlet tempt -ra tunre , engi ne l ime-I flo w , nm zz I t -
• - x l t  t otal pressure and load ccli pressure (thrust)

I . I - N A post  — l e s t  en g i n e  in spe - ( -  lion was nnnade t~ o f l a n - ; n - n - i S t I n e  n-end It Ion of
P I C~ - -ok; h it- - n m l  t i n e -  l~~15 Intn rdw ;nrn! In orde n to ens t i n t -  I li t- sm m I - t -/ Of n nn li t i nue-d

t n a ~~t h i n g .

3.2 STATIC AIRCRAFT THRUST STANI) TRIALS

3.2.1 Installed static thrust trials n-u - n - n-- condue ted by installing flight
qualified tailpipe hardware on engine serial Nm . 8476. Probes were PFRT
tested by NRC subjecting them to a test of 10 hr 42 mm duration . Time probes
and tailpipe were forwarded to AETE for installation on the test engine .
(See Reference 4). This engine was installed in AE TE ’ s CF—SD aircraft
serial No. 116801. The digital data r e c o r d e r  was moun ted  on a t r ay  in the
rear  cockp i t  and use d to record engine and flight data at ~ secon d intervals. I -
Thrust stand load cell data , as well m n s  t i m e  data  l i s t e d  in Appendix  III were
recorded. gonrac pressure transducers w i - r n - -  in st a l l e d  f o r  t h e  i n i t i a l  t e s t s
and SE transducers used for test NAE—~ and onward . Thrust stand measured
tlnrmms t data outputs we-re interf acn --d wi t~ tine recorder . A th rust indicator
was mounted in the a i nn -r ~n f t  f o r w a r d  coc~ ~n i  I i n s t r u m e n t  p a n e l .  A second
i n d i c a t o r  w m n s m o u n t e d  in t h e  p h o t o p a nel .  

-

3 . 2 . 2  Ground  s t a t  i c  t r i a l s  i n c l u de d  t i - st i n g  to observe the m- ff ec t of i n n i e t
blockage on t h r u s t .  This  tes t  n i - qu i  red t ln n -- ins t a l l a t i o n  of an i n l e t  area
blockage pla In-- as shown in ~ igur n-- ~5 .

3 . 2 . 3  lin t - N A E static thrust stand load cells were c-ml ibrated against a
Mon-irehouse proving nin~t ut- n a  I No. 1331. NA E use ml p r e l o ad  ce l l  p r e s su re
of approximately 30 psia (1400 lb thrust equivalent) as cm c- -rn load state.
NAE c a l i b r a t e  t h e  t e s t  s tan d  b e f o r e  and a f t e r  each  t ms t run wit in the - air-
c r a f t  in p o s i t i o n .  A t m - t m m l  of fifteen readings of mu pp li n - ~ and indicated
loads were made with lne-r em ns I r g  m m d  d e c r e a s i n g  C m ld ir igs .  i~ m ~~ pr n -m du c e s  two
calibration curves each w i t h  CC 1 - -id b i a s  n-e m u d i n g  and mu l c v s t n - r m - sj s
loop.  It is m nn— c-~n nnn - -d 1-hat n o v  si i if ~ in no z m - r C C  load h i a s  can b m -  i-u r n - - I  t ed

as a linear function of time . l h n e r e f C - r t - , t€ - s ’ read i ngs -ou t be correlated
to t ime and the t n C cal ibr;ntion curves -~ust  be i n t n --r p n - i t a t t - d  as l i n e a r
f u n c t l n - n n s  of time In order to resolve a single thrust. rc-mm di n g . This was
ac c o m p l i s he d  by i n c l u d i n g  the- cal ii - n m n t i o n  da ta  w i t l m  t i ne dat -n r - - d n i c  t t n - c

n-mnf tware- pro d rn nl . A z e ro  t u m i d  b i a s  of Pout 70 l b / n - - I l  -ni - nn r t-s i n lmn tf n r r —
( - - l i  p r - - s s n n r n -  p o i n t  c o nt a c t .

1 . 2 . 4  l he  CF~~nI.) n i r i - r a f t w;ns n - p m - r a t e d  by  9 1mm ! i f  i ed .\I-T l- g , - r  : n n n h n e - I - Thrus t
- ; t m n n C i  c m i i  i h r ; n t _  I t - n u  w e-r e -  p er f or m e d  by - A 1  - n u n - I  -n ud C~~n n I i n - v  ~ a - n u n -  I
u n p n - r ; u t u - u l  t i n t -  d a t n  r n o - n n n n i - i n n y  uvs t t-n~.

IIl ) i(,/ II 9/I- l~/ I
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1. 2 . 5  I - : I e c t n f c a l  power was a p p l ie d  to the  measuring e q u i p m e n t  a t  least
one hour  pr ior  to a test. Ambien t temperature and barometri c pressure as
w e l l  as wind  ve loc i ty  and d i rec t ion  data were recorded for  each tes t  d a y .C 
These data are listed in Volume II of this report.

3 . 3  FLIGHT TESTS

3.3.1 Flight trials were conducted witi n the same eng ine and aircraft as
was used in the s t a t i c  t r i a l s .  All f l ights were made with t in e- SE trans—
du c er s .  The TMS computer  and data recorder  were installed in the rear
n ockpl t. The engine was trirmned at tine AETE engine test stand prior to
the flight trials. It was retrimined following an engine removal after
F-l—03. (The engine was removed to allow an inspection and repa i r  of the
‘~~ô 

probes). A satisfactory aircraft acceptance flight was req u ired prior
tc) commencement of the actual  f l i ght  t r i a l s .

3 . 3 .2  F l igh t  tes ts  were conducted by AETE at Cold Lake , Alber ta , in
lanuary, February and March 1973. The CF— SD a i r c r a f t , serial No.  116801 ,
was used as a test vehicle for the flig ht trials of the TNS . Engine serial
No.  8476 was in s t rumen ted  for  t h i s  purpose and used as the s ta rboard  engine
of the a i r c r a f t .  —

3.3.3 A flight test program was devised by the AETE Project Officer and
P rHt -c t  P i l o t .  Append ix  I\’  of t h i s  report  is the F ina l  Test Program ,
Pro jec t  D i rec t ive  71/8 1 , i n s t a l lat i o n  and Dem onst ra t ion  of ComDev Thrust—

in -- ten , under which AI-TE conducted static and flight tests of the TMS.
‘rest ing in c l u d e d  p r e — t m n k e o f f  engine’ checks , takeof f  perfornnance , climbs
and d i v m -~~, level  f I  ig ht  s t eady  s t a t e -  and a cce l e r a t ions , C — l o a d i n g  tes ts ,
m m i r st a r t s , s i desli p  t e s t s , a i n c - r a f t  c o n f i g u r a t i o n  ch:nnges , l a n d i n g  pe r fo rmance
mind post l a n d i n g  engine checks . Several fli ghts inc l uded Rutowski
-)orformance trials. Tine p ilot pr--pared a knee pad t es t  p l a n  card f rom the
t e s t  engine-er ’s detailed flight p l z n  and us m -d t hi i~ as ml g u i d e  d u r i n g  the
flig int. Radio transmitted data were recorded c o n t i n m n o u s l y by a voice
recorder and in part by time test engineer.

3. 1.4 ComI)ev personnel serviced tine digital magnetic tape recorder and
performed tests to ensure the satisfactory operation of TIn e TMS prior to
e m n e i m  f l i g h t  - AETE personnel  were r - sp o n s lb l e  f o r  a i r c r m m i t  sm - r v i c i n g ,
maintenance and operation.

3 3 5  The data recorder was started as par t  of t he  v i g irn e s t a r t — u p
procedure. Recording continued until after ti-m e post—flight engine tests
were conducted. Data processing was usuall y ac c omp l i sh e d  w i t h i n  24 hours
of t h e  c o ’ :g— le - t i on  of t he  f l i g h t .  An INN Sy s t em  360/39 loca ted  at
Edm onton , A lb e r t a  was used fo r  t h i s  purpo se .

III ) i i - / I l  9 / h~R / 1
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3.4 DATA COLLECTION

3.4.1 Duri ng the bare engine running , da ta wer e hand rec ord ed by the test
personnel who read the instruments and recorded their readings. A camera
was used to record manometer levels during certain trials. The films
produced we re read as a means of cross checking the original data. The
digital recorder was used during the TMS testing trials.

3.4 .2 Calibration data from the NAE thrust stand trials were manually
recorded and transcribed to punched data cards for data processing. A

— hog was used to record ambient conditions and test details. Many thrust
stand data readings were recorded in the log for  cross checking purposes.
The dat a record er was used to record eng ine and thrust stand data
throug hout most of the trials. The pho topanel was used to record samp le
data .

3.4.3 Flig ht t rial da ta were collec ted by the AETE Pro jec t  O f f i c e r ,
Projec t Test Pilot (QTP) and the CotnDev Proj ect Engineer. A voice
recording was made of QTP/Project Officer radio transmissions. A
photopanel was used to collec t samp le da ta and the dig ital reco rder was
used thr ougho ut all of the f l ights.

3.5 DATA PROCESSING

3.5.1 Eng ine sta tu s deck da ta were acq u ired by us ing the General Elec t ric ,
• J8 5—CAN— 15 Computer Deck No. P 15060 (June 1970),  w i t h  the  IBM System

360/67 comp uter at NRC .

3.5.2 Bare engine data were manually processed with the aid of a
programmable calcula tor. Data processing included the computation of
ind ica ted  th rus t  from load cell data  anti a c a l i b r a t i o n  curve . Cross and
reference gross thrusts were computed by the ComDev equation. See
Appendices I and I I .  When the magnetic data recorder  was used , data
processing was accomplished with the ComDev CDC 6400 computer and software

~ citten by ComDev Automatic data processing included computations of the
f o l l o w i n g :  - 

-

(a) Gross and reference- gross thrust from engine pressure and
ambien t air data.

(b)  Error  between (a)  above and the  TMS output.

(c) Test stand thrust.

(d) The e rror between (c) ahovu- and the TMS output -

(-) Tine error between the recorder A/D conversions mm ~i n l  t h e  TMS
A/D converted data.

11036/ i l  9 / F R I  I
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3 .5 . 3  S t a t i c  ins ta l l ed  engine tes t ing taped data were processed by means
of the  CornDev CDC 6400 computer  and s o f t w a r e  w r i t t e n  by Coml)n-v An IBM
Sys tem 360/65 computer was a v a i l a b l e  as a stand—b y unit. NAE personnel
processed t h r u s t  stand ca l ibra t ion  data  through the IBM Sys t em 360/67
at N RC as a cross check on ComDev ’s d a t a  p roces s ing  program.

- - 3 . 5 . 4  Gross and r e f e r e n c e  t h r u s t  and e r r o r  computat  ions  were made as
shown i n  p ara .  3. 5 . 2  above - Test s land  n - a l  i b r a t  I ur n t-urve c n im p u t a t  ions
Wn rn I ric h rUled I n  t he  d a t  m l r en d n i c t  f n n r r  - : n ft w a r n - . l h r u s t  d a t a  we-re m a n u a l l y
n : i I  c i i  h a t  -ti fo r  n - h e c k  p urposes mn s  i i  l i s t  r m i t  n - n h  b y t i n t -  fn n l l o w I n m ~ examp l e .

(a) The average observed t e s t  s tand t h r u s t  r ecord e- d at 11:46 h r . ,
6 Nov 72 , was 2935 pc mrn ds .  The eng ine was be ing  operated
with the t h r o t t l e  s e t t i ng  at M 1L power , auxiliary takeoff
doors open , customer bleed o f f , e x t r a c t e d  horsepower n o n — z e r o ,
a n t i — i c i n g  o f f  and T2 h e a t e r  valve in the open position .

(b) A t h rus t  stand pre—load c o r r e c t i o n  was t imewi se i n t e rpo l a t ed
from the ca l ib ra t ion  data as a correct ion of —209 pounds.
Ind ica t ed  t h r u s t . 2955 lb , plus the pre— load co r rec t ion .
—209 lb , is the  i n d i cat e d  net thrust , 2726 lb.

(c) The before and a f t e r  c a l i b r a t i on  curves were interpolated to
obtain the calibration correction (calibrated n~-t load minus
indicated nc- i l oad )  of 65 pounds.

• (d) The calibrated pri- ;-uls ive t h r u s t  of  t h e  t es t  e l n 9 i n e  was
obtained by an algebraic addition of the  c a l i b r a t i o n
correction , 65 lb . plus  the-  i n d i c a t e d  n t  t h r u s t , 2 7 2 6 l b .
T h e r e f o r e  t ine  c a l . i h r m m t e d  p r o p u l s iv n .- t h r u s t  was 279 1 l b .

(e) C a l i b r a t e d  pr o p u l s i v e  t h r u s t  i s  the  n e t  t h r u s t  m n s  meas ured
by the  tes t  s tand.  It is c-n o-nosed of  t I l e -  engine gross thrust
and all engine intake lOSSeS as well as e~ ect ’r losses , etc.

3.5.5 Fl i ght  t e s t  data  were pr oce-s se- d a t  Edmonton , A l be r t a , by me ans  of
an IBM Sy s t e m  360/30 compute r  and software modified for this computer.
A l rcrm -ift variant measurements were added to the-  so f tware -  prot~rm n m and
t h r u s t  s tand dat a  reduc t  ~nn procedures were delet -d. A copy of the
flight trial data reduction software was mai ntain- d in tin up—to—dat e-
stcmtu s for the ComDev COC 6400 computer  as a back—up to the Edmonton

- c o m p u t e r .  C ,
3.~~.6 Data tapes were processed i n  Ot tawa  us ing  t h e  IBM Sys tem 360/67
compute-C and p lotter at NRC in order to produce p lo tted test results.
Plotted data mire included in Volume II

11036 / 119/ F R/ I
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SECTION IV

SU~ -1ARY OF TESTS

4 . 1 Ch RONOLOG Y AND SIAT I STIC S

4 .1. 1 A ceries of bare engine tests was started in December 1969.
Engine runs were designated only by run numbers. Timey were conducted
mainl y to obtain calibration data and to test the suitability of engine
hardware for flight use. Table I presents a chronology of the 185—CAN—l5
s e r i a l  No.  8611 engine tests in the NRC test cell.

Fable 1 Chronology of J~~5—(’-\hh —l 5 Nn~i . ~61l CnginL- Cell e~~i~

Engine Purpose Accumulated Instrument Start End
Run Of Run Tir mne Set Date l ) at e

N umber Test Hr :M i n

0—28 Engine  t es t  s epa ra te  hoc- 69 f e b  70
stand setup (ri o d a t a )  probes

~ Cal i b r m t t  Lo fl  9 : 5 7  separa te  ch 70 \pr 70
d a t ;n  c o l I c - c t —  

- 
probes

• 

~~~~~~~~~~~~ :gine H ;nr cl w ar c-  3 0 : 3 )  s epa ra t e  N o v  70 ~I u n  70 
—

deve lopmen t  p r o h n — s

• 5~ —61 - ;n g i l -R- h a rdwar e -  31 :7 1 sep m i rat n- Nar 7 1 Nmi r  71
dc-y e I opnuen t n - r o l es

(~~-S4 lbnl gltnnm In ;n rd w ar c - ~ Yt :l 7 ~~~~1~~m n ~~i f o 1 d  inn 71 Aug 71
nieve I opnimc -~ t robe-s

85—108 PFRT of 1j r ~~t 73 :16  i 5~ F1J g~m t  n ) ~ 71 Nov 71
fligh t probe probes
ir n - -tr (iment em - i de signat ed

] -J - l

n n i )~~h ffl n~ I )e- v eh n -i ini en - tL & ~~ m ° :2i . ~- nc o ne t h e  71 ~ - r  77
ic t ing Sn e n o i C h  p r ob c~c

P 5 prc n h es  and I t - - si gn a tm-d C

7 ~~ C C h t 5  & I -7-2-1
i r — n m i  -

- r C ;7 h  p roh .-

l’CH l8I~ ~‘t n C - e b n t m o n c tc~~ i 110:03 1 inal si-~ ~~m r  72 - ~t m n v  72
oil I i mis  1 in st ru-  de s i  gna ted
an ri I . - - ]~— 2— 0— 2

17n 3 (n/1 19/FR/I
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4.1 . 2 1nsta lle-d static tests at NAE were started 1 November 1972. Test
runs  we re elesi g n mm t e d  b y number  and p r e f i x e d  w i t h  t he  l e t t e r  cod€- NAF .
Runs NA C1 to NA E 8 were nmade p r io r  to the  f l i gh t  t r i a l s  and runs NAE9 to
NAI- : 12  were made as post—flig ht test calibr ations . lable 11 presents a
chronology of these trials.

Table i i  Chronology of J85—CAN — 15 No .  H4irn I - n g i n e  St ~i t i n - Tests
I n s t a l l e d  in CF— SI ) Ai r c r a f t  Ser i a l  Nc n . 116801

RUN DA’I E PURPOSE OF TEST RUN l IME 1
__________ _______________ ______________________________________________________________ 

(hr _:~-1in)

N AE — I A 1 Nov 72 Test system shakedown 00:45

NAE— l B 1 Nov 72 Tes t system shaked own 00:40
Nose wheel clamp installed

NAE—1C 1 Nov 72 Nose wheel clamp & oleos deflated 00:20

NAE—2 6 Nov 72 Steady state runs , -n u x i U a r v  takeoff 01:23
doors open and closed

NAE—3 6 Nov 72 As NAE—2. First data run with tape 01:25
recorder

NAE—4 10 Nov 72 As NAE—3. 01:18

~A T~— 5A 11 . Nov 72 I n t ;n t ~e area blockage plate  i n s t a l l e d  01:05

• NA7—5B ~l Nov 72 Intake area blockage plate rennovecl 00:40

N \i— 6 13 Nov 72 Power transient tria]~ 00:40

h~A n~—7 17 Nov 77 S t n O n l v  and pouer transient trials 00:46

N \ I ; — 8  ~C Nov 72 As i\Ah- 2 ,3,4 and 7 -~~ cep t  SE 01:26
transducers used.

— -
~~~~~~~~~~~~ -— (br eak f o r  F l i g h t  T r i a l s )  — __________

N J - ~~1) )3 Mar 73 Stead y st a t e  runs  01 :4 0

NAE—1O h) h-F i r  73 Stead y and power t r a n s i e n t  i c - m I s  01 :13

\ \ ! — I I A  Apr  73 m t .  area b lockage p late  i n s ta l l e d  — 0 1:00

NA E—l l I i  5 Apr  73 Intake area blockage plate- r e m o v e d  00:58

Ni~i~— l 2 6 Apr 73 t )knarn he m ind ~ N -m mdv state t r i al s  01:12

}1O36/ l19/FR/r 
-

Sec tion  IV 34

—--

~

--

~

-- ---— ———-- -~~~~~~~~~~~~~~~-- - - -~~~~~~ -~~~~~~~~-- - - - -~~~~~~~~~~~



-- ~ - - -~~~~~---—--- ~~~~~~~~~~~~~~~~~~~~
-- - -

~~~~~~~~~~~~
- - -

~~~~~~

4.1.3 Flight trials we-re started at AETE , Cold Lake , Alber ta , wi th  an
acceptance flight on 18 Jan 1973. Flights were designated by number .
-~cceptance flights were prefixed AE and flight tests were prefixed FT.
Table I I I  presents  a chronology of the f l i g h t  t r i a l s .

Table III  Chronology of J8 5— CAN — 15 No. 7476 lngiine Flight Tests
Using CF—SD Aircraft Serial No. 1115801

(Sheet 1 of 2)

i I h n : i r j  I)ATIt PURPOSI I n i l- lI. [GII T FLiGHT l1~tE

________ _____________ _______________________________________________________ ( H r : M i n )

A k—I 12 Oct 72 A i r c r a f t  mie c e - p t ;n r r c &-  fli ght. 00:47

AE — 2 25 Oct 72 Acceptance fit prior to ferry to Ottawa- . 00:45

AE—3A 16 Jan 73 Acceptance flight following ferry to Cold 00:00
Lake . A i r c r a f t  unserviceable for flight

A E — 3 B  18 Jan 73 Acceptance flight following aircraft 00:35
repair . CADC reported unserviceable

AE—4 26 Jan 73 Acceptance flight following CADC repair 01:00

FT—Oi 29 Jan 73 Flight tes t .  Max power t akeof f  and level 00:42
flight performance test S

F T— 0 2 30 Jan 73 F l ig h t  t e s t .  N I L  power t a k e o f f  and leve l  0 0 : 5 7
fli ght performance test

1- 7—03 31 Ian 73 F l i g h t  test. Engine t r a n s i e n t  and level 00:41
f l ight performance test .

FT—04 8 Feb 73 Flig ht test. Rutowski minimum fue l climb 00:46
to 45K ft. Engine pnrforma nc - at 45K ft.
A i r s ta r t s  a t  20K f I t .

FT— 05 q F e b  73 F l i g h t  l e s t .  M o d i f i e d  R u t o w s k i  n m i n i m u m  00:41
fue l climb to 30K ft. Level fligh t trials
mit  30K f t .

FT— O6 12 Feb 73 1-lig ht test. Modified AOl c l imb to 32K f t .  00:52
Cons tan t  M acin nenmb e- r pe r fo rmanc e-  tn  m m is.

I- —07 13 -oh 73 Flight t e s t .  C l imb  with 94% RI’M on port 00: 53
en g i n n s  and M I L  power on s t a r b oar d  c -u r in e .
l-~ngine -  t h r u s t  compar i son  and n n C n l s t m n n t  M a c h i
number performance trial.

1n1i36/ 1 1 9 / F R / I
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Table Ill Chronology of J 85-CAN—15 No. 8476 Eng ine Fl ight Tests
Using CF—SD Aircraf t Serial No. 116801

(Sheet 2 of 2)

p 1
FLIGHT DATE PURPOSE OF FLIGHT FLIGHT TIMEI

(Hr:Mi n )

FT—08 14 Feb 73 Flight tes t .  Max power climb and 00:41
maximum airspeed (V~~~~) dive . E f f e c t
of G—loading on TMS .

FT— 09 15 Feb 73 Fl ight  t e s t .  Rutowski minimum t ime to 01:00
climb profile. Effect of sideslip on
TMS performance . Drag evaluation using
the TMS .

FT— b 15 Feb 73 Fligh t t e s t .  Maximum power climb , AOl 00 :39
schedule climb . Level fligh t performance.

FT—li 8 Mar 73 Flight test. Minimum f uel climb prof ile 00:40
to 35K f t .  Af te rburner  l ight  at 45K f t .
Airs tarts at 20K ft.

11036/119/FR/I

Section IV 3’1 



~~~~~~--~~~~~
--~~~~~~~~~

- - -
~~~ 

~1

SECTION V

RESULTS

5 . 1  GROUND TESTS

5.1.1 Bare Engine Tests

5.L.l .l 
~T5 total pressure probes, as shown in Figure 5, were designed

and a PFRT was perform ed to demonstrate design safety. 
~T5 

probes were
designed such t ha t  they  could be easily i n s t a l l e d  or removed f rom the
engine diffuser struts.

5. 1. 1 . 2  Ps6 s t a t i c  pressure  probes as shown in F igure  3 , were designed
and PFRT proven . Probes had a low profile to the engine gas flow . A
flexible expansion tub e was incorporated to account for therma l expansion
and afterburner liner displacement relative to the casing.

5.1.1.3 PS7 static pressure probes , as shown in Figure 4, wer e designed
and PFRT proven in the b location . The “b ’ location is the second last row
of liner bolt holes and the “a” l ocation is the last row of bolt holes.

- 

- These probes and thei r  p lumbing are sa t i s fac to r i ly clear of ti -ne VEN and
use existing liner bo 1,~ holes.

5.1.1.4 Engine running tests provided a means of testing various probe
desi gns and pointed o u t  design faults. Reference 4 provides further
Les t  d e t a i l s .  Probes , of the design used in the f l i g h t  tes ts , were
5erviceable after t ine comp le t ion of ti -n e fo l lowing  PER T engine running
t irne _ s

(a) ~T 5,  t o t m i l  p ressure  probe , 60 hr 46 m i n u t e s .

(b) 
~S6, 

static pressure probe , 36 hr 47 minutes.

(c) P 57,  s t a t i c  pr - s su r e  probe , 1(3 hr  42 m i n u t e s .

5. 1 . 1.. 5 Ra re eny Inc runn i ng i ndi  cated th e - need for d 1a~ volumes in two
of t i m e  engine  p l i o u m a t i n -  p r e s s u r e  l i ne s  t o  the  TMS transducers. It n - m s
observed t mri t during rm np id incremnse~ or decreases of powe r b e tween  idle
and h-IlL , the computed  gross t i n r u s t  c o n s i s t e n t ly f l u c t u a t e d  to a h i g h
va l ue f o r  a 2 second computer upda te - .This~ effect did not  occur  d u r i n g
s t ead y s t a t e  r u n n i n g .  The e l e c t r i c a l  o u t p u t  of the t h r e e  engine  p res su re
transducers were monitor , - C l o r n d  i t was determined L i i m m t  p r e s s u r e  s i g n a l s
were  a r r i v i n g  at the transducers out of phase. Delay volumes , - i s shown in
F i g u r e  16 , of 12 c u b i c  inches in t In e  

~TS l ine  and 15 cubic inches in the
Pe~6 line , eliminated large pressure diflerentials and resulted in
mn m c- -p t a b  in ThIS performance- .

IN ) 36/ 119/FR/ l
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5 .1.1.6 Calibration constants C
5 

C and E which account for deviations
between the one dimensional ana1y~~ s theory and the actual engine , were
obt ained using static bare engine test data. A total of 17 afterburner
and 72 n o n — a f t e r b u r n e r  bare engine cel l  ind ica t e -d  t h r u s t  data po in t s
f r o m  runs 29 to 39 (9 hr 57 mm engine runn ing)  were used in  comput ing
the calibration constants.

5 . 1 . 1 . 7  iSa-re e n g i n e  i t - s t  da ta  f r o m  Runs 29 to 46 were  used In  d e m o n s t r a t i n g
t Ine- rn~1 ,e- m it .th l i l l y  e ; i p a h l  I I  ty  of t i n - 1M S . Measured t i i r u s t  , ;ns Indicated by
I I n n- NI ( ~ n n ~~1 n i n -  t n - s t  n - c -l i , Is om p ar c~d w I  t i n  gr n ss  t i nrn i st I’MS n - q n i m m t  I on

- - l o t  l n n u , , n .  A f n n l  I - ; -  - i i i -  ( I - . S .)  t l n r n , ;t I n — i s  lien -n dt- i m e d  mis 4 300 p ounds .
i i i  i ~ Va 1 01- [5 l Ine h a re  eng i n e -  s t a t i c  rml Led wax m m m ii a- f t e  rbu r nn e  r power at
.SOii level standard day conditions. This definition provided a dev ia t ion
hand about the l ine of p e r f e c t  agreement  shown on anany f i g u r e s .  F igure  17
shows 122 data  poin ts  (all  ava i l ab l e  da ta )  o b t a i n e d  f rom the engine tes t
cell indicated t h r u s t  and the TMS computed thrus t fo r  runs 29 through 46.
The data include a power range of 368 to 4 7 l  lbs .  The standard deviat ion
of this data set is ±34.6 lbs. Figure 18 shows similar da ta  taken f rom
the magnet ic  tape recording of Run 149. These data were se lec ted  at
random to include a thrust range of 300 to 4700 lbs.

5 . 1. 1.8  Bare engine test  da ta  f rom Run 149 were used to demonstrate the
t r ack ing  c a p a b i l i t y  of  the TMS . The engine power lever angle was
advanced such that tine engine RPM was held at selected settings for
10 second durations. RJ ’M was increased in this manner from 70% to 100%.
F i g u r e  19 5 n ln ~n~ ,~ th :-  r e s u l t i n g  d a t a  f rom th i s  t e s t .  A second tracking test
consisted of :n rap id advance  (slam ) of the power lever f rom id le  to
maximum afterburner followed by reductions in power to i n t e r m e d i a t e  and
m i n i m u m  a f t e r h u r n i n g . F i gu re 20 p resen t s  the recorded da t a  fo r  Run 149
t o r  t h i s  t r a c k i n g  t e s t .

~. l . 1 . 9  A set of probe pressure  leak  test  gear was f ab r i c a t e d .  This
f a c i l i t a t e d  the leak t e s t i n g  of 311 p r e s su r n -  probes without removing the
cog inc f r o m  t h e  a i r c r a f t  or the probes I ram the engine .

5.1.2 Stati t- Thrust Stand Tests: (Pre—Flight Tests)

. 1 .2 . 1  Static t h r u s t s tand  runs  N AF 1 to NA 1 -~ 8 r e s u l t e d  in 1 0 . 4  hours
of eng ine r u n n i n g . Six  reins yielded dig i tal data and all yielded p1-nato—
pane l ,  f i l m s .  A set of LiLa tables is i n c l u d e d  in Volume II

5.1.2.2 A description of ti-ne method of computing static thrust stand
calihr;mt ed thrust is presented in Sec t ion  I I I  of t h i s  vr-n l u m e . -\n
m i d dj tj o i i a l  c i - r r e - t i o n  mus t  be made to ;iccoun ~ fo r  t he  cog i n n -  t~ lector force-
in order Ito make m m d i r e c t  c o m p a r i s o n  be tween  the test  s ta r -nd  i n d i c a t e d
t h r u s t  ~-incl tIm - : VMS i n d i c a t e d  gross t h ru s t .  A d e ta i  led m m n m n ] v s l c  of the
cs-thod of accounting fo r  e l e c t o r  fo rce  is shown in Append ix  V.

F i 0 3 6/ 1 19 / F R / T
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5.1.2.3 Intake blockage was induced by partially blocking ti - nt- side
fuselage inlet duct by means of the i n t ake  area blockage p l a te . This
result ’~d in a decrease of thrust measure d by tine thrust stand . The
decrease f o r  the MIL power case with auxiliary takeoff doors open was
2% of the  p o i n t .  This decrease was typica—l y 6% of the point with the

p 
doors closed . The TMS indicated a similar thrust decrease.

5.1.2.4 Actuating the auxiliary takeoff doors from closed to open
resulted in a thrust stand static gross thrust increase of approximately
1~~% at M IL power with the Inlet area blockage plate off. The TMS
I ni l ica t &-d this inn - re-misc.

5.1.2.5 Repeatability and tracking capabilities of the ThIS were
demonstrated by plotting data points f rom runs NAE 2 to NAE 8 in Figure 21.
Thrust stand measurements were corrected for the ejector force as exp lain ed
in A pp endix V. A total of 203 data points (all available hand recorded
data) have been included from the various runs , over a thrust range of 150
to 4160 pounds , afterburner on and off , auxiliary takeoff doors open and
closed and with the inlet area blockage plate on and off. The standard
devia tion of this data set is ±52.8 lb f .

5.1.2.6 Run NAE 8 was noteworth y because the Conrac pressure transducers
wer e replaced by transducers manufactured by S.E. Lab oratories , Fei tham , UK.
ThIS pe r fo rmance was s t a t i s t i c a l l y  improved fo r  run NAE 8 since the  standard
devia tion of these da ta ~s ±23.2 lb f based upon 33 data points. The SE
t ransducers were used in the subsequent flight tests and post—fli ght

• static thrust stand trials.

5 . 1.2 .7  During run NAE 6 , one of the  P 1-5 probes developed a p lumbing
leak w i t h i n  the d i f f u s e r  s t r u t . The leak was discovered d u r i n g  t ine
routine post—run leak testing made on all the engine pressure probe
systems . No deteiioraticn in ‘IN S performance was observed . Tine probe
was not repaired until tin e a i rc r a f t wa s re tu rned to AE TE , Cold Lake.

11036/119/FR/i
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5.1 .2.8 Eng ine runn ing  at  the NAE t h r u s t  stand resulted in the pressure
probes accumulating test lives as follows . Test life excludes engine
running t ime for trim purposes and 10 hr 42 mm acceptance running by NRC ,
but  inc ludes acceptance f l i g h t  t imes.  See R e f e r e n c e  4.

(a) 
~T5 

to ta l  pressure  probes :

• ( i )  9 hr 08 mm for the  probe wh ich  f a i l ed  on NAE 6

( i i )  12 hr  00 mm fo r  three  probes w i t h o u t  f a ilu r e .

(b) 
~s6 

and P57 static pressure probes accumulated 12 hr 00 mm of
service without failure.

5.1.3 Static Thrust Tests :(Post—Fliglit Tests)

5.1.3.1 A post—flight series of installed static t h r u s t  t e s t ing  was
• performed at the NAE static thrus t stand. Repeatability and tracking

capabilities of the TMS were further demonstrated. All hand recorded data
from runs NAE 9 to NAE 12 are shown in Figure 22. This figure includes
145 poin ts over a thrust range of 120 to 3900 lb f ,  afterburner on and off ,
auxiliary takeoff doors open and closed and with the blockage plate on and
o f f .  Onl y 45 points were actuall y plotted since the other 100 points
overlapped the plotted ones. The standard deviation of this data set is
±25.4 lb f .

5 .1 .3 .2  TMS dynamic responses to power lever transients were indicated by
data obtained during run NAE 10. Figures 23 and 24 present NAE thrust
stand and 1M5 computed thrust data recorded during two engine slam tests.
A~ PLA data were obtained only at 3 second time intervals , photopanel films
were r e fe red  to in estimating a more exact time of initiation of the slam .

5.1.3.3 Data were obtained to show the effect of intake area blockage on
eng ine t h rus t s  b o th  wi th  the  aux i l i a ry  t a k e o f f  doors open and c losed.
Data f rom run NAE 11 a r e  shown in F igu re  25 for  the  TMS and in F igure  26
fo r the NAE thrust stand . NAE th:ust stand data were not corrected for the
ejector losses. The effect of intake blockage on cockp it instrumentation
may be seen in the data of Table tV.

5.1.3.4 All pressure probes remained serviceable through this fina l
se-ries of tests. Probes accumulated life times as follows . Life excludes
eng ine runn ing for  tri m purposes , f e r ry  flights (approximately 3.5 hr per
f l i g h t )  and PFRT testing (10 hr 42 mm app l icable on ly to the 

~s7 pr cnhcs .

(a) F’-1- 5 t o t a l  pressure  probes rep laced a f t e r  NAE 8; 16 hr 10 m m .

(b) P~~ sta tic probes rep laced af ter FT—lU; 6 hr 43 m it -n .

~~~ 
st ’n t ic  p r e s s u r e  p robes ;  28 hr  10 m m .
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5 .2 FLIGHT TESTS

5 . 2 . 1  Fli ght tes t  data  for  all 11 test flights have been p lott ed and are
pres ented in Volume Ill of this report. A brief summary of the various
a c t i v i t i e s  pe r fo rmed  in t e s t i n g  t i n e  TMS Is shown in Table V.

1 , 2 2  F T — U i .  Level f l i g h t  t e s t i n g  a t  40K and 20K f t  as w e ll as engine
r an s l en t  t e s t s  it 40K i t  - V

M~(X 
w is r i- , t , e d  at 40 K f t  -

s. 7 . 1  - 1 — 0 2 .  I . - - v i - I  F I i~~ht p e rf rCI!a nc& - 11 1 )1 were acquired at 36K , 2 5K ,
10K I I .  V WriS ro- ;o-In&- d at 36K It.

MA~
5.2.4 FT—Ui . Maximum power climb to 47K ft. Level flight performance
data were acquired at 45K , 20K , 10K and 5K f t .  One 

~s6 pressure probedeveloped a leak during th i s  f l i g h t .  ~S6 p lumb ing  was b locked  o f f  and
flight  t e s t i ng  cont inued bu t  onl y thrc- e 

~s6 press ire probes wc-re in service.

• 5 . 2 . 5  F T—0 4. A m o d i f i e d  Rutow ski  minimum fuel climb was made from 3K to
45K ft using a prescribed power schedule based upon altitude . Afterburner
lights were made at 45K ft and an airstart at 20K ft.

5.2.6 FT—05. A modified Rutowski minimum fuel climb was made from 3K to
30K f t .  Leve l f l i g ht  performance4 data were acquired -nt 30K , 20K and
5K f t .

3.2.7 FT—06. A modified AOl climb was Ic -ri d e f rom 3K t o  32K f t  and a
• MAY. power Rutowski climb schedule was used from 32K to 38K ft. Level

flight performance data were acqu red at 30K , 20K and 15K ft .

5 . 2 . 8  FT — O7.  A c l imb was made from 5K to 30K with tile port engine at 95~
RPM and test engine a t  MI!. power. Level flight performance data were
acquired at 30K and 10K f t .  A dive to was made in a descent from
30K to 2-OK f t .

5.2.9 FT—08. A climb was made from 5K to 30K with the port engine at
94Z RPM and the test engine at MIL power.  The climb was continued to 40K
ft with both engines at MAX power . This was tollowed by a pusb over and

— dive to 36K ft and V~~~ . A MAX power level flight was made at 10K ft. A
test was made in order to determine tile effect of C—loading en t he  INS a t
10K ft and 400 knots indicated airspeed. Data were acquired at 1 ,2,3,4 and
5 C — lo a d i n g s .

5 .2 .10 FT—0 9 . A Rutowsk i  MAX power , minimum t imv to climb profile fli ght
was made from 2K to 34K ft. The schedule was b rok en  o f f  when Li~- a i r c r a f t
p e r fer ~~h1url/ d iverged from tine theoretical plan. A t , -s t was “-ride in order
to det e r m i n e  the  e f f e c t  of s i d e sl i p on the TM~ perf” rm--inc~- by using ful l
l e f t  and r i g h t r -j dd er  at  N I L  power , 0.33 ~- t n c h  and 0.7 Y r i - ! i  0 C c - h o r s .
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5. 2.11 FT—b . A MAX power , AOl schedule climb was made from 2K to 30K
ft. Lev~ l f l igh t data were acquired at 30K , 20K and 5K ft. One
pressure probe developed a leak during this fli ght . It was decid~~ that
since the P probes were failing at a rate which was not predicted by
the PFRT, a~~ four probes would be rep laced prior to continuing with
fli ght testing.

5.2.12 FT—il . A Rutowski minimum fuel profile climb was made f rom 2K to
35K ft. I-:ngine performance tests and afterburner l ights were made at 45K.
An ;m i rstart trial was made at 20K ft.

5.2.13 Tables showing test flight information such as test type , p ilo t ’s
actions and coitunents , meteorologiccil data , etc., have been prepared and 4
are included in Vol ume 11 .

5.2.14 Photopanel data have been compared with dig itally recorded data
in order to show consistency of data. Data tables are included in
Vol ume II

5.2.15 Pilot qualitative evaluations were obtained as a result of four
AETE test pilots having made flight tests with the TMS in operation .
The pilo t ’s report is included in this volume as Exhibit A.

5.2.16 Data were acquired which permitted studies to be made of tine
use fu lnes s  of a TMS in certain operatic-na t roles. A detailed analysis
and discussion of these studies is presented in Section 7 of this volume .

5.2.17 Steady state data were a c q u i r e d  a t  a l t i t u d e s  from SR to 401<
which enabled an analysis of the repeatability of the INS both in NIL and
MAX a f ter b u r nin g  power c - et t i n g s  and o v r  a speed reg e  of 0.6 to 1.2

Mach number.  A de t a i l ed  d i scuss ion  and a pre-a5 --ntnt 1c )n of th sec r e su l t s
are made in Section 6 of this volume .

5.2.18 One electronic integrated circuit used in the TMS output to the
recorder interface failed during a bench t es t  pr ior -  to the a i r c r a f t
acceptance test for the flight trials. Repair was accomp lished without
de lay ing  the t r i a l s .

5 .2 . 19  The TNS was serviceable at the  conclus ion  of f l i g h t  t e s t i n g.

5.2. ~~ Eng ine r u n n i n g  ;i t  t he  NA L t h r u c t  s tan d , ac-: e -p t a n c e  f l i g h t s  and
p l i g ht  t e s t i n g  r -  .~~i l t  ed in the or i s s ur e  probes a c c u m u l a t i n g  t es t  1 i vo s

I - C  f o l l o w s .  Test l i t e  t i c - c r  exc ludes  eng ine  r u n n i n g  t i c - c s -  for tri o
purposes or t c -rrv 1 ‘~~h ta . Fl ight time during w h i c h  a p r i c e -  f i t  led was
f l at  cc ’lI!l t ( d

(a)  
~T5 tot cii pres s u r e  probes  were a l l  rep lac e d  p r i o r  t~-
Ii p t once  t light AE— 3A. Rep lacement c r o h e ~a a c l umu l  cited

~1 hr  07 mm without failure.
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(b ) P56 static pressure probes :

(i) 15 hr 14 mm to fai lure of one probe.

(ii) 20 hr 48 mm to failure ~f second probe.

( i i i )  21 hr 27 mm wi ti c - ut f a i  lure of two probes. All
l’~~ probes rep laced after FT— j O

(iv) 1) hr 40 m in wit bout l i i i  u n -  of f i n a l  p r ob e set -

(c) ‘1s7 s t a ti c  p re s su re  probes accumula ted  22 hr  07 mm
without failure.

5 . 2 .2 1  Recorded data were obtained which permitted an analysis of
any periodic faults which occured during tine flights. Thc- comp lete
anal ysis is presented in Append ix  IX of th i s  r ep o r t  and a d iscuss ion  of
this analysis is made in Section VI.

5.2.22 Fl ight tests FT—Ol to FT— il  p~~ovided s u f f i c i e n t  d a t a  to permit an
examina t ion of the dependence of percent re fe rence  t h r u s t  upon n o z z l e
position. These data are presented in Figure 27.

5.2 .23 Flight FT—08 included a test to determine the effect of
c~ -load ing on the TMS . A w i n d — u p  turn was performed to in cr e a s e  the
G—loading f r o m  1—0 to 5— c,. The tes t engine was set at N IL power and a

• tcIrgi- t altitude of 10.5K f t  and 0 . 7  Mach number were maintained as well
as p o s s i b l e .  J’ ressiire corrected gross t h r u s t  data , averaged over f i v e
second intervals at the test 0—loads , have been plotted in F i g u r e  28 .
Since these data did not cor re la te  well with ~—1oading, pressure
corrected thrust was p l o t  ted as a f u n c t i o n  of tlach number , in Ft  gure 29 ,
‘m d  t ics - points a n n o ta t e d  w i t h  r e spec t  to G —b oa d s .  P r e s s u r e  c o r rcct ~-d

- e f o r -a c e -  gross  t h r u s t  da ta  were  included in Figure 29 to further sub—
c ;t a n t i  a t e  c on c iu s  ion s . Da ta  r educ t ion  p r i n t — o u t s  i n d i ca t e  t h a t  the
comple te  INS operated without fault during this test.

1.2.24 Part of FT—09 included a Lest to determine the - f t c- ct 01
s [d es ii p  on the F C -1S .  T ic ’ -  QTP i c a i n t a i n e d  a l t i t u d e  and Nac h  number while
r i - co rd ing  a r e f e r e n c e  p o i n t  and the p o i n t s  at f u l l  i - f t  and r i g h t  r u d d e r .
This test was pc rforme d both a t  M ach 0 .33 and 0.70. The r est i l  t ing
thrust data were pressure corrected to account for any small altitude
c h a n g e  and p l o t te d  a g a i nst  Mach number  in Fi gure 30.

5.2.25 Rutowski profile climb s were attempted to gain experience with the
c-’-tS in an operational role. Thrust , aircraft drag and predicted
metecorobogical data were provided to t h e  USAF . P u t  c ) W s k  p r o f i l e s  were
gonerated by the USAF for the CF—SI) aircraft. The OTP p r epa red  fo r  t he
R u t n w s k i  nro~ li e cl imb s hv  m a k i n g  p rac t  ice  f l i g h t  I n  an otti -r C F — S
airc raft.
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5.2.26 The da ta flig ht , FT—09 , was made on a day in which the ambient
temperature was approximately 40°R warmer than the data for which the pro-
file was generated. The resulting f l i ght path followed the Rutow ski
profile from 2K ft to a target 34K ft and through a MAX A/B supersonic
dive to 30.4K ft. This was to be followed b y a supersonic s-limb to a
tar get of 36K ft. The aircraft reached 34K ft taking onl y ½ second
longer  than p r ed i c t ed .  Mach numbers were we l l  matched to the  profile.
The aircraft Mach number was 1.155 rather than the  t a rge t 1.148 at th~
m d  of the supersoni c - div e hut a target Mach 1 .20 could not be achieved
during tIR - f i n a l  c l i m b . The m i s s i o n  wa-i  abor ted  at 34K f t  and Mach 1.15.

5 . 2 . 2 7  A minumum fue l  Rutowski cl imb p r o f i l e  was a t tempted  as part of
fligh t FT—lb. The aircraft climbed from 2K to 30K ft using MIL power
but required two minutes longer than was expected . Some 26% (100 Ib )
more fuel was required than was predicted for this portion of the climb .
Minimum A/B power was used in climbing to 33.5K ft and MAX A/B was used
in climbing to 42K ft. The target Mach number for this peak altitude
was 0.974 and the actual  value was 0 . 9 7 3 .  The test profile remained
approximately 2 minutes  la te .  A MAX A/ B  dive was intended to gain Mach
1.2 at 36K f t  but  onl y Mach 1.13 was achieved.  Fuel consumpt ion
exceeded the predicted profile total consumption by approximately 150 lb.
It is assumed that better results were not achieved in part  because the
predicted meteorolog ical data did not match the actual values. As a
result , the aircraft excess thrust was lower than had been pred ic ted .
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SECTION VI

ANALYSIS AND DISCUSSION OF RESULTS

6.1 GROUND TESTS

6.1.1 Bare Engine Cell

6.1.1.1 Pressure probes were desi gned such that installation and removal
from a test engine was not difficult with the engine removed from the
aircraft. The PFRT served to prove the flight safety of the probes and
the satisfactory locations for the probes and plumbing.

6.1. 1 .2  A need fo r  delay volume s or o the r  means of synchron iz ing  pressure
data was demonstrated b y bare eng ine running .

6.1.1.3 Bare engine running proved that the gross th rus t  equa t ion  could
be cal ibrated to a pa r t i cu la r  engine . The fact that two engine
ta i lpipes were instrumented and thrus t  was computed wi th  equal success

— indicates that  the equation cal ibrat ion is probably valid for  o ther
ind iv idua l  engines of the same type.

6.1.1.4 Tracking and repea tabi l i ty  of the TMS is displayed in Figures
17 and 18. Two of the 122 points shown in Figure 17 fall outside of

• a ±2~1 F .S .  deviation band.  Deviation da ta  show no tendency to depart  f rom
the line of perfect agreement over the range 368 to 4171 ib

f
. Repeat—

ability is assured by the f a c t  that dat a  have been acqu i red  f rom 16
d i s t i n c t  test runs made over a t im e  span of two y ea r s .  -

6.1.1.5  Hvn ami c  eng ine  tes ts  have showr-m that the TMS wifl respond to
rap id enginc- t h r u s t  changes .  Figures 19 and 20 show that  t r a c k i n g  t ime
lags are of such shor t  du ra t ions  tha t  they may not be discernable by a
p i lo t .

6 .1 .1 .6  It has been sho’~-nm t ha t  p rac t i ca l  main tenance  test  tools  can be
designed which wil l  aid in making  engine probe leak t e s t s , l eak checks
may now be made with the T85—CAN—l5 engine installed in a CT’-5fl a i r c r a f t .

6 . 1 . 2  SI c t i c  T h r u , - 3 t  S tand Tes ts

6 . 1 . 2 . 1  A method of ac -coun t ing  for  e l e c t o r  force  in order  to  compute
gross t h r u s t  f rom s t a t i c  a i r c r a f t  t h r u s t  s tand i n d i c a t e d  thrust data
i s  p r e sen ted  i c c  A p p e n d i x  V.

6 . 1 .2 .  2 \n est . ensive dat a set has been recorded and is or e s  c ited  in
[I
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6. 1. 2 .3  The TMS is a good indica tor  of loss of eng ine per formance  due to
duct loss. Duct losses are reduced b y opening the  auxiliar y takeoff
doors. The effect of opening these doors was clearly demonstrated by
t es t  stand measured and TMS indica ted  th rus t  increases in the  order  of
15% at M1L power.

6 . 1 . 2 . 4  Tracking and repea tab i l i ty  of t h e  TMS on the  NAE t es t  stand
is shown in Figure 21 for the pre — fli g ht te st trials. Two of the

203 data  po in t s  shown in Figure 21 f a ll  ou t s ide  of the  -3-2% F . S .  bands.
‘I r a ck ing  remained as good as i t  was fo r  the bare engine tests. Run NAE
8 data for the SE transducer test produced data which correlated
with the thrust stand data.

6 . 1 . 2 . 5  The f ac t  that the TMS continued to operate wi thout  apparent
degrada tion af ter the 

~~~ 
probe failure serves to provide a measure of the

f a i l — s a f e  capabil i ty of the sy stem. That is , some leakage can be to le ra ted
by the TMS withou t the sys tem fal sely indicating an engine failure. Some
further test cell trials could be conducted to determine the extent of
damage the system can sustain and still operate a c c u r a t e ly .  This  point
would be of particular interest to mi l i t a ry  personnel cons ide r ing  b a t t l e
damage effects on the TMS .

6.1.2.6 Post flight—test static trials indicated that the TMS tracking
and repeatability characteristics had not deteriorated. In fact , Figure
22 shows a closer agreement between the TMS and the test stand.
One of the 145 data po in t s  (Figu re  22) , exceeded the ±2: F.S.
deviation hand . This result is attributed to t he use of S.!’. transducers.

6 . 1. 2 . 7  Dynamic responses of the  TMS , shown in Figures 23 and 24, remained
satisfactory to the conclusion of t i t e  t r i a l s .  The wors t  case was a one
second lag.

6 .1.2 .8 The P~~7 s t a t i c  probes opera ted  fo r  28 hr 10 miii of f l i g h t  and ground
testing without failure . This probe design should be used as a gu ide  in
design ing future probes. The P probe f a i l u r e  and t he  two 

~s6 
pr obe

fa i lu res  i nd i ca t e  the need fo r  Tur the r  desi gn work in order to develop
satisfactory pro e s for these coo i n c  l o c a t ion s .  S in c e  t he PFRT led tc’ ~n
f a l s e  assumpt ion t h at  thi- T)r1 I)e 3 would  remain s t r u c t u r a lly  secure
through a f l i g h t  tes t , it must he assumed that t h e  °FRT did not comp letel y
represent flight test conditions. It is quite proba ble that the flight
test C—loadings contributed to probe failures. A lso , in—fl ight engine
operating conditions such as eng ine tempera tur e , inc  in A/ B , t emperature
v a r i a t i o n s , or v ib r a t i o n s  may have been more seve re than those of t h e  1’~~~T.

6. 1.2 .9 Inlet air duct hhoc d - tgt will result in a gross t h r u s t  l oss .  The
n r c - s i - n t  c o c k p i t  i n s t  r u m en t a t  ion w i l l  not l n d i c ; t t c - m t  ak - c - c-end it ions  o t h e r
than t t o’ - m x i i  - c r ’ .- t c k ~ - t f  cbc o r  position. An ln t nk - - hlo ck- cg ’ - c 1 i t e was
i b i d  to s i mu l a t - an i u i t . c t e  ai r  d u c t  b lockage -m d t Inns demonst r;c t e the
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effect of an air blockage on engine thrust , see Figure 25. Table IV lists
cockpit engine instrument and TMS indications for a number of tests made
with and without intake blockage. Note that with intake blockage for the
MTL power case wi th  the auxi l iary takeof f  doors open , RPM remained at
100% , the  nozzle changed from 18.9% to 18. 5% , fuel  f l o w  decreased by
50 lb /hr  (a change ot  1.6%) but  the TMS indicated a percent reference
thrust loss of 2.9%. Adding the intake blockage plate with the aux i l i a ry
t ak e o f f  doors closed resu l ted  in a nozzle position change from 20.3% to
22Z. Fuel f l ow ch an ged b y 85 l b/ h r  ( 4 2 2 — 3 3 7 ) ,  or a change o f  2 . 7 %  but

III- percent ref  cr ence  gross t h r u s t  changed from 82.5% to 76. NZ , or a
change of 6 . 2 % .  A l though  the  NPI and fue l f low i n d i c a t i o n s  changed w i t h
intake blockage , the indicated values remained within normal operating
limits. No abnormality would be immediately noticed by the p ilot. The
TMS will indicate a thrust loss due to an air blockage upstream of the

• compressor face. Since an intake blockage could he caused by structural
dairage , icing, bird ingestion , etc., it i~ - important that a thrust loEs
of t h i s  type be detectable.

6.1.2.10 Opening the  auxi l ia ry  takeof f  doors while the a i r c r a f t  is
stationary and the engine is operating -ut MIL power causes an increase
in power of about 14% to ln Z .  This power inc rease  is ind ica ted  b y both
the TMS gross and percent re fe rence  t h r u s t  indica tors . A o r e — t a k e o f f
engine check could be made by observing the percent  r e fe rence  thrust at
MI L power .  The TM S should indicate approximatel y 100%. An indication
cf ;m n n r o x im a t e l v  -S57 would remind th e  p i l o t  t ha t  t b~ a u x i l i a ry  t a k e o f f
doors had not been apcned. An examination of thrust data acquired only
clur ~ ng a ct ual “re—Lc ’-~coff and p o st — l a n d i n g  s t a t i c  a i r c r a f t  eng ine  checks
pc -edu ced the mean dat— ’ of Table V~ - These dat —i  show s l i gh t ~ v s m a l l e r
ch— i np- ’s th in the 1g3 d a ta  n o i n t S  from the NAE tria ls which  arc sho~-m in
Table V. Tab c VI I i st s  t i n e  meaij t h r u s t  changes due t o  opening the
au x i l i a r y  tnkeoff dn rs , sc l e c t i r g  a n t i — i c i n c  on or ~e i e c t i ng  cab in
pressure . A p p r o p r i a t e  n r c — t a k e o f f  check value s w o u l d  he o b t a i n e d  w i t h
s u f f i c i e n t  exp er ience  w i t h  us ing the  lFk as a diagr i ost  i c  aid.

Table VI :  ~5ean Gross and Percent  Refe rence  Thrus t
Change Due to Se l ec t i ng  V a r i ou s  C o n t r o l s

A u x i u i ; i r v  Doors A n t i — i c e  Cabin Pressure
Open On fl~

Mean Chan_g~

~ross Thrust + 411 lb — 138 lb — 100 lb
R e f e r e nce  13 . 9 %  — 4.6~ -

1h r us

~io. of Snm d lc- 23 3 4
Po i n t s

_______ _j__
~~~~

___ —- -~~~__ _  _ _ _ _ _ _ _ _ _ _
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6.1.2.11 Tracking and repeatability capabilities of the TMS are
shown in Fi gures 21 and 22. The TMS is able to track the eng ine

thrust over the range of 120 pounds to 4160 pounds. There is no obvious
tendency for the mean TMS indication to depart from the line of perfect
agreement at  any p o i n t  in  th is  th rus t  range . Approx imate ly  2% of the
data points on Figure 21 exceed +2% F.S. deviation. These data include
point s obtained with Conrac and SE transducers , auxiliary takeoff doors
open and closed , and with the inlet arc- - blockage plate on and off.
Fi gure 22 shows an imp rovement in TMS t racking capability. In this case ,

cuinc - point in 145 is outside- of the ±2% !- .S. deviation band .
One difference between the tests for Figures 21 and 22 is that Conrac

r transducers were used for almost all of the data points in the first case
and SE transducers were used in the latter case.

6.2 FLIGHT TESTS

6.2.1 TMS Performance

6.2.1.1 The TMS was tested over the flight envelope of the test aircraft.
VMAY was achieved both in level flight and in dives. The aircraft was
taken to a pressure altitude of 47K ft and testing included many
performance type manoeuvres. Magnetic data recording enabled the
acquisition of sufficient data to permit an analysis of the TMS perform-
ance throughout  the trials. Many anomalies were detected by means of the
recorded data. These are discussed in paragraph 6.2.3. -

6.2.1.2 Two pressure probes failed during flight testing. This
problem is discussed in paragraph 6.1.2.8.

6.2.1.3 It was noted that deviations f rom 100% of r c - f c - r c - i u - c- gross  thrusts
were observed for M IL power operations at various f l i ght conditi on s . A-;
can be seen in Figure  27 , t h i s  dev ia t i on  appea r s  to  be a f u n c t i o n  of n o z z l e
positi on . As noted in pa ragrap h 5. 2 .22  there werd- deviations in nozzle area
from that p r e d i c t e d  by the engine  s t : I t c t s  d&-ck which was used to generate- tine

reference thrust computation , the status deck values having a smaller spread .
As thrust is a function of nozzle position it would be expected that the
computed gross thrusts would differ from tha t predicted by the reference
thrust computation and cause deviations in r e f e r e nce - c thrust from 100~ . A
sir.i t Lar Situetion preva i ls at MAX cower operation. This nozzle behaviour is
hid icative of a difference in the lapse rates between the t cst eng inc and
the average engine status de-ck data used to gc’nci -r.a t ci tIne percen t reference
gross t h r u s t .  ( b a p s e  r a te  is  de f ined  in  A ppendix VII.)

6 . 2 . 1 .4  VM S op e r a t i o n  was not i n t e r r u p t e d  d u n ;  r ig  the nd — I  eading test log to
5—nd . S -  thru st devi at Len c 1 e r n l d  bc d e t c c t c d  and r e - l e t  - c l  d i r~- - t Iv t e e G—- i o n din g .

~e . 2.1 .5 Ind icated gross thrust , when c o r r e c t e d  f o r  anbi en t  pr e ssure
d i f f  - r c - n c e - s  , d I d  riot m d  i c -ate a sign if I c- cu t chango- in thrust as a m eet ion

of ~ i d e - s l ip a t  Ma ch  numb er  0 .33 or 0 . 70 as is i n d i c - i t e d  by F i g u re  10.
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6 .2 .1 .6  Rutowski p ro f i l e s  are based upon a prior assumption about
ambient conditions and aircraft excess power. If the basi c dat a are in
e rror , then the profile becomes impossible to achieve . The test day
ambient temperatures at altitude were approximately 40°F above predicted
temperatures. Therefore , the aircraft engine could- not achieve predicted
thrust levels. Tine Rutowski profiles of FT— 09 and F T — i l  had to be aborted
when it became- obvious that this por t ion  of the miss ion cou ld  not  be
successful. This suggests the need for an on—board computer to provide
r - -:cI — time up—date information to the pilot.

6.2.2 Consistency and Repeatabilit y

6 . 2 . 2 . 1  Consistency and repea tab i l i ty  have been proven by an extensive
analysis of flight data. A complete description of the analysis is
presented in Appendix VIII. This analysis includes an examination of
200 data points from flights FT—Ol to Fr—Il and at altitudes from 5K to
45K It,. It shows that the TMS computed thrust can be presented as a
thrust parameter and correlated to Mach number over a Mach range of 0.6
to 1.2. Since these data collapse to single lines for  all refer ence
altitudes and within an approximate deviation of 1%, TMS consistency is
cl early shown . This analysis does not imp ly a thrust prec ision . It has
been shown that the actual flight test gross thrust at MIL power does not
agree with the TMS stored reference equation . It has also been shown that
the TMS ’s method of reference thrust calculation does agree (up to 35K feet)
with the average engine status deck data modified to account for installation
effects according to manufacturer ’s data. The analysis does not provide
proof that either the gross thrust equation or the reference thrust equation
is in error but on~ v that they do differ at altitude. Information in

* Append ices VI and VII ind icate the comp lexity of the engine lapse rates
problem and associated reference thrust situation.

6.2.3 Anomalous Data

6.2.3.1 An extensive diagnosis has been made of all the data anomalies
recorded during all of the test flights. Data were recorded at ½ second
intervals and computer generated plots aided in ana1v~ ing problems . This
enabled an examination of many anomalous data points. A complete
discussion of the re-on !t of this diagnosis is presented in Appendix IX.
Tue following pr~blems are considered to be resnonsible for anomalies
attributable to the TM S operation .

(a) The gross thrust coniputatior is not accurate- at very low
thrust 1 eve Is (below 5% reference thrust) . A c omn ut e r
overflow c - c u e e s  the gross thrust computed va lni - to  i n c re a se
f r e e r  -iheceit 170 to 1441) lb - . T h i s  Ice  nn j ~~oel by o p e c - c t  ins’
the s’,~ t on at t tn r r j :e t Ie- v e- ~ ,s below i t  1- : d e i g n e  I I n t l  -
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(b) Cross t h r u s t  c o m p u t a t i o n  e r ro r s  were observed d u r i n g  engine
transients. It is believed t1 ea t  t h e  d e l a y  volumes do not
synchronize the engine pressure dat n comp letely and
erroneous computations result from using unsatisfactory

- - data.

(c) Reference thrust wa~ erroneously computed as zero on eight
brief occasions. The cause of this remains undefined .

(d) An e- Jec tr lca l transient is believed to have caused the
reference computer to output erroneous data on five occasions
but only for single 

~~ 
second updates.

(e) A design problem in the reference thrust indicator
resulted in one indicator pointer problem such that the
pointer indicated 160% throughou t one flig ht.

(f) Gross thrust was computed as a value which erroneousl y
fluctuated by 300 to 400 pounds during three flig hts.
The problem was traced to pressure  t r ansduce r  da t a  be ing
input to the computer. The problem could h ave o r i g i n a t e d
in the transducer , the A/D converter or the connecting
circuit. Post—flight static transduce r tests did not detect
transducer faults.

(g) The reference thrust indicator lags the eng ine thrust

* during engine transients. On throttl e - advance the- lag is
0. 65 sec while on throttle retarding the iag is 0.82 soc.

Thi a is a design limitation w hi c h  c - a n n  h~- ove - r ceer - ie -

6.2.4 Pilot Observations and Connicents

6.2.4.1 A surntniary of pilot observations and comments is contained in
the letter of 14 Sept 73 signed by Colonel L. H. Keel in , (Tom-corde r ,
AETE , which is at tached as EKhib it -\ to t h - - volain~ - s e n , c i  t i n e
p i lot  ‘s comments  i c r e - Lode the foil o w i n g :

(a) The scale of the p re sen t  i n d i c a t o r  i l  I OWS m i s r e a d i n g  of
the percent reference t h r r r c e t .

(b) The indicated thrust value followed t. 1i r - r  t i e -  mover~ i t
w i t h  1 i t t I  ~ ap P a ren t  l ag .
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(c) Percent reference thrust increased approximatel y 14 %
when the auxi l ia ry  t a k e o f f  doors were opened at M L L  power.

(d) Percent reference thrust remained near 100% at ~1JL power
throughout  the f l i ght envelope.

(e) The TMS does not p o sit iy elv  indica te  i n — f l i g ht  engine
shutdown or relight.

( f )  “All four test p ilots agree d that a thrustmeter would be - :

valuable during an engine check just prior to takeoff.
They definitely desired some indication of engine thrust
for this check. One pilot with considerable EPR (Exhaust
Pressure Ratio) gauge experience believed an EPR gauge

9 gave equally valuable information. The other three pilots ,
two with considerable EPR gauge experience , strongly pre-
ferred a thrustmeter.”

(g) “During test or functional check flights the engine
operat ion can be rapidly checked throughout the flight
envelope , dealing with unsubstantiated r i l o t  comments such
as a particular aircraft ‘felt underpowered ’ . Modifications
to aircraft eng ines can be easily assessed inflight with
regard to their affect on thrust output. Drag measurements
on new aircrafc or new aircraft configurations , including
external sto~ es , can be rapidly carried out throughout
the flight envelope. ’

(h) “For an opera t iona l pi lo t  dur ing  f l i g h t , the raw data
displ ayed on the rhrustmeter would anpear to be of use only
as an aid iii select ing cruise , c l imb , or descent power
settings. However , if the thrustmeter data are converted
to  such information as thrust—to—we ight ratio , excess
thrust (thrust minus drag), or specific energy, it may he
po ssible to devise s ome kind of disp lay which would show a —

~i1ot an optimum nranner in which to manoeuvre his aircraft. ” —

6,3, PRE AND POST FLIGHT T1-~ T EOtlI}’M~TNT CALIBRATiONS

6 .3 . 1.  Systems used to measure aircraft variables were calibrated by
\fTN. Calibrations were repented r e g u l a r ly .  C a l i b r a t i o n  d a t a  are
inc luded i n  a special  er ror  analys is  repor t  presented in t h i s  volume as
N : - : r i h i  t B.

6.3.2 s ,E .  t r a n s d u c -e r s  and Conrac t r a n s d u c e r s  were c a l i b r a t e d  b e f o r e
being used. The SE. t ransducers were calibrated in A pr 73 following
th e - ft no I e-n gine t e n  ing . Transducer c;n I [brat ion data are lIre- sent ed i n
Vu I i  e r -  TI

11O3 ’-e /1I9/FR/ T
Se-ct  I ‘crc  V I  71



--

6.3.3 The ComDev TMS computer and indicators were calibrated in Feb 73.
Calibration data are in Volume II

6.3.4 The pre—amplifier for the Rosemount probe , t h e  converter used in
indicating aircraft engine RPM , and the CADC were calibrated in Feb 73.
ComDev specified modifications only were calibrated in the CADC .
Calibration data are in Volume II

6.4  EQUIPMENT RELIABILITY

6.4.1 The thrust measuring computer and an indicator have been subjected
to environmental and electromagnetic interference testing. They were
subjected to temperature , altitude , humidity, vibration and shock
testing . Magnetic , transient and radiated susceptability tests along
with radiated magnetic field neasure-ntents were also ca r r i ed  out on
the system.

C 6.4.2 S.E. Laboratories (Engineering) Ltd. specify that their S.E. 40
series transducer production units will have a guaranteed minimum
operational life in excess of 56,940 hours  Mean T ime Between Fa ilure

• (MTBF) . It is planned that  three S.E. transducers will be e-xtensivel y
tested in the ComDev laboratory in orde r to further assess their
applicability to the TMS.

* 6.4.3 The present T’IS computer design is a compromise- between availabi- -
parts and parts which could be specified if a long MTBF is desired .
Th erefore , early MTBF study data are not app licable to the prototype.
Since the completion of environmental and electromagnetic interface
testing , the computer system operated for 698 hours without
a component failure . One electronic integrated circuit in the TMS
interface output to the data recorder failed during bench testing in Dec C

1973. This circuit would not be required except for the need of a
magnetic tape recorder for data acquisition. The 1MB was serviceable at
the conclusion of the fl i .tht and ground running trials.

6.4.4 One indicator design problem (pointer indicated 1.60% throughout
one f l i ght) was encountered during flight trials. The prob l em i s  exp la ined
in Appendix IX and can be eliminated in future indicators.

6.4.5 Engine probe life must be extended by designing more reliable
probes. The achieved life has been detailed in Section 5. Since EPR
probes are in use w i t h  many engines , it should be possible to design
reliable prcehe -r for a TMS. Diffuser strut movement relative t e e  the-
engine- casing made 

~T5 probe design difficult. The narrow space between
t h e afterburner liner and the casing made P

56 
design di ff i cult.
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Cl earance between the VEN and engine casing made P57 design difficult in
the original a position. Using the b position seeks to have made it
possible to design suitable 

~s7 
probes .

6.5 PROBABLE ERRO R OF DATA ACQUISITION SYSTEM

6.5.1 The data acquisition system , inc l ud ing the sensors and recorder ,
leave been exam i ned an-id an e s t ima te  of t h e  probable  errors  in a c q u i r i n g ,
ri-c o rd ing and Ce)mpUt ing data has been made. A complete report on the
-0  ely  I - -; p r e sen ted  I n  t h i s  vo lum e as Exhibit B. Wh il e  all of the
re-corded data are of interest , only data pertaining to the operation of
the TMS need be considered here. Exhibit B reported probable errors due
to hysteresis , manufacturer ’s tolerance , cal ibra tion , ~ /D conversion
and truncation of data for recording purposes . Table VII lists the
probable errors in acquiring and recording TMS data.

Table VII: Probable Errors in Acquiring and Recording

- 
TMS Data

Variable Probabl-~ Error

Ambient air  tempera ture  (°R) ±l.5°R

• Mach number (0.17 < ~1 < 1 .6 )  +0.0 12

Ambient S t a t i c  pressure  (osia )  +0 .077 psia

‘
~S6- 

— 

~S7 (psid)  ±0.08 1 psid

~Ts 
— 

~~6 
(psid) +0.054 psid

(psia) ±0.32 psia

Recording gross thrust (lb) ±2 lb

Rec-ird ing 7 ref. thrust (%)  +0.02%

11036/119/FR/I
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SECTION V I I

OPERATIONAL POTENTIAL

7. 1 P OWER CHE CK PRIOR TO TAKEOFF

7.1.1 Engine Thrust Check

• 7.1.1.1 A percent reference thrust indication of 100% at MIT . power indicates
that the engine is operating as art average engine as specified by the
manufacturer. Operational engines will display deviations from average
operation resulting in deviations from the 100% reference thrust indication.
IL should prove possible to sp ec i fy  a range of percent  r e fe rence  t h r u s t
within which  t ine engine pe r fo rmance  th considered a c c e p t a b l e - . The
p e r c e n t  r e f e r e n c e  t h r u s t  i nd i ca to r  w i l l  then serve as an eng ine m o n i t o r
and may he used as a power check ins t rument  p r i o r  to t a k e o f f .

7.1.1.2 Opening the auxiliary takeoff doors with a static aircraft and

~1IL power engine causes an increase in indicated gross t h r u s t  of about
411 lb or about 15% r e f e r e n c e  t h r u s t .  Gross t h r u s t  decreases of about
138 lb were observed when the anti—icing was selected ON or about 100 lb
when thee cabin pressure was selected ON. This suggests that the pilot
could make a pre—takeoff engine check by observing the percent reference
thrust at ~- TIL power .  An i n d i c a t i o n  of approximatel y 100% shou ld be
observed . An indication of approximatelY 85% would renlnd t h e -  pilot that
the- au x i l i a ry  t a k e o f f  doors had no t  been opened .

7.1.2 hross Thrust Indicator as a Takeoff Aid

7 .1 .2 .1  A gco ns t i c r e e s t  n c c . c s r i r t ng  sys tem ma~’ be useful as a pre—takeoff
• check ~n s tr u r i e n t .  Present  t a k e o f f  c h a r t s  are  based upon p r e d i c t e d  engine

n er~ o rn a n ce  an-id may not  necessar i ly  r ep resen t  the  ac tua l f -no  ~n &- t h r u s t
due to tr Lr rr changes or ambient conditions. E n g i n e  ac tua l gross t h r u s t  could
bE usc:-d in predicting ground roll and a i r  run d i s t a n c e s ,  . \ i r  run
dis tance-s  are usua l l y d e f i n e d  as the  h o r i z o n t a l d i s t a n c e  be tween  the
tikic off point and the point a t  wi T ch the aircraft s-ou ld c l e a r  a 50 f t
o b s t a c l e .  A p i l o t  could read a gross t h r u s t  i n d i c a t o r  and know tire
a c t u a l engine t h r u s t  ava i lable j ’c s t  p r i o r  to brake rel ease. N o n — s t a n d a r d
run-~-av condition corrections could he made by means ot a c h a r t . - or p o c k e t
c o m p u t e r .  A l t e r n a t i v e l y ,  a pi lot  may choose to  use a c h a r t  and d e t e r m i n e
a minimum safe gross thrust or s a f e  pe rcen t  r e fe rence  t h r u s t  f o r  the
t ak e o f f  condit i ons . In e i t h e r  case , the gro un d r o l l  and a i r  run dist :rr-cces

or  th e~’ balanced j eld leng th  ( c r i t i c a l  f i e l d  l c r ~c L l e )  would  he known f o r
c i -  a c t o r — n  I c-ross t h r u s t  ~- e i  lab I , . The TMS y OU  d l ien  H~- a C O _ N O _ G e e

indicator.

7.1.2.? The pilot did not attempt te ’ make maximum performance takeoffs
i ’ c c i  - - l i m b s  to 50 f t  as requi red  in acqu i r ing  da ta  fo r  AOl purposes .
lI r i-nelel ite d at a  were not ;c i -qu lr ed  during  the t e s t .  U o ’ - e v e -r , th e  above
tle- ory las be-en t - te d b y m a k i n g  r e f e r e n c e  to t a k e o f f  d a ta  1ron 11 tt ’~~t
l i g h t s .  I h e  p i l o t  used an - event code to  mark the r e c o r d e d  da t a  n t  t h e-

t i e  of hr n ke r e l ease .  The CADC s ta t i c
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pressure  da ta  were used in de t e rmin ing  the  po in t  a t  which  the a i r c r a f t
had moved through 50 ft above thee brak e release-c pressure altitude . The

• time intervals between this point and brake release were p lotted in
1-i gu r e 31 against gross thrust at brake release. Data were not corrected
for non—standard conditions . A good correlation is shown for
the f ive MIL power cases . A f ter b u r n i n g  reduces the t a k e o f f  t ime  and all
the a f t e r b u r n i n g  cases f a l l  below the  MI L power curve . Again , a good
agreement is indicated in four of the cases where afterburning was used

: for  17 seconds.  (Th e pi lo t  was able to achieve a wide range  o f M IL
powers at takeoff by manipulating the  aux i l i a r y  t a k e o f f  doors , a n t i — i c i n g
and cabin pressure).

7.1.2.3 Estimated distances required from brake release to the end of
the air  run were made by in tegra t ing  the net thrust force over the time
i n t e rva l .  Net acce lera t ing  th rus t  was obta ined  b y sub t roct i op  ram d r a g ,
f r i c t i o n  drag and a i r f r a m e  drag from gross t h r u s t .  The resulting net
thrust was resolved as a function of time and equated to the product of
aircraft mass and acceleration . True speeds at the end of the runs were
used in the integration in order to improve the solution. AOl data are
based upon a MIL power ground roll and an afterburner air run.

7.1.2.4 The above analysis serves only to demonstrate the feasibility
of using thrust data in determining takeoff performance. In practice ,
the analysis would have to consider all the normal corrections for non-
standard conditions.

7.1.2.5 From the above analys is , it appears that the gross thrust data
may be correlated to ground roll and air run distances. Any use of
afterburning will reduce these distances. A gross tirrust indicator would
present the pilot with an actual available thrus t fi~ are for use in
predicting takeoff data .

7.2 CONTROL V-\R [AELE FOR VARIABLE THROTTLE L N E R ~~Y l A N A ~~i - 2 i 1 N l  - I I S S  l e )N B

7.2.1 The Rutows~ i minimum fuel climb profile inc l~rd ei; a ~- l f r h  using
the ~c c s e r  lever to contro l afterburning. As a result of c o n t r o l l i n g
afte- rburn i.ng . t h rus t is ‘i - Inaged  . Therefore , this c tion if ti re 1e n~~f ile
could he defined such t h a t  t i r e  p i loL  would use t i e  power l e e v e r  and
c o n t r o l  t h r u s t  d i r e c t l y  b y obse rv ing  achieved t h r u s t  as i n d i c a t e d  by a
- t h e r u s t m e t o r .  Slnc c  t h r u s t  is r e l a t ed  d i r e c t ly to fue l  f l o w . the  des i r ed
m i n i m u m  f u e l  c o n s u m p t i o n  w i l l  lol  low t h e  target t hr rec t - ‘Ih us . tine

rcne f ce 1 c l i m b  should be: achieved ii a l l  other s~eec I I [ c i t  i lls arc- met.
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